teins. These data reveal the existence of a tight hScrib/ ␤PIX interaction and suggest that this complex potenand Jean-Paul Borg (GB) that directly binds to GIT1 [6, 16] . GIT1 is a multi-␤PIX directly binds to the hScrib PDZ domains, and domain protein that belongs to the GIT1/PKL/p95-APP1 the hScrib/␤PIX complex is efficiently recovered in protein family, whose members contain an ARF-specific epithelial and neuronal cells and tissues. In cerebellar 
and fusion of vesicles to exocytosis and endocytosis PDZ domains ( Figure 2E ). GIT1 had no affinity for hScrib but, as expected [7] , directly bound to ␤PIX (data not [19] . We could recover the hScrib-␤PIX-GIT1 complex shown). PDZ domains are protein modules able to bind from mouse brain and intestine extracts ( Figure 1D and to carboxy-terminal peptide sequences or to other PDZ data not shown). Together, these data suggest that domains [10] . A predicted PDZ domain binding site (TNL) hScrib forms a complex with ␤PIX and GIT1 in vivo.
ends the ␤PIX carboxyl terminus and is reminiscent of the carboxy-terminal TQL motif of the oncoprotein E6, Molecular Organization of the a known partner for hScrib PDZ domains [12] . AccordhScrib-␤PIX-GIT1 Complex ingly, the last 15 ␤PIX residues containing the TNL motif To delineate the minimal hScrib domain involved in this were sufficient for an interaction with the PDZ domains binding, we produced hScrib recombinant proteins of hScrib ( Figure 2E ). Control peptides (ErbB2, ErbB4, fused to the Nus tag in E. coli and performed pull-down Musk, EphR, and PDGFR␣) having affinity for various assays (Figures 2A and 2B) . Each recombinant protein PDZ domains [10] showed no interaction with hScrib by had the predicted size and was recognized by antitwo-hybrid analysis in yeast (data not shown). Removal hScrib antibodies ( Figure 2B and data not shown). Nusof the TNL motif in ␤PIX peptide and in full-length ␤PIX hScrib precipitated ␤PIX and GIT1 from MCF-10.2A and (⌬TNL constructs) abrogated the interaction with hScrib mouse brain extracts ( Figure 2B ) but not Dlg (data not in GST pull-down and two-hybrid assays ( Figures 2D  shown) , a partner for Lano [15] , demonstrating specificand 2E). Moreover, ␣PIX, a member of the PIX family ity of interaction within this protein family. We mapped with no apparent PDZ binding site, did not interact with the site of binding of the ␤PIX/GIT1 complex to the hScrib ( Figure 2D ). Each of the four PDZ domains of hScrib carboxy-terminal region (residues 717-1630) hScrib and Drosophila Scribble PDZ (dScrib) domains containing the PDZ modules (Figures 2A and 2B ). Furhad affinity for ␤PIX, but not for ErbB2 or ␤PIX.⌬TNL ther mapping of the interaction showed that binding to peptides ( Figure 3A) . In cotransfection assays, Flag-GIT1 ( Figure 2C ) as well as to ␤PIX (data not shown)
␤PIX, but not Flag-␤PIX.⌬TNL, coimmunoprecipitated occurred as long as Nus-hScrib proteins contained the with hScrib ( Figure 3B ). Conversely, HA-hScrib, but not PDZ domains (residues 717-1229). Moreover, GST-PDZ HA-hScrib.⌬PDZ, associated with Flag-␤PIX ( Figure 3C ). domains of Lin-7, Densin and X11 were unable to pull
We have thus characterized an hScrib-␤PIX-GIT1 comdown the ␤PIX/GIT1 complex, in contrast to GST-hScrib plex in which the hScrib PDZ domains directly bind to PDZ domains ( Figure 2D ; also Figure S1 in , we observed a slight decrease of hGH secretion upon high KCl depolarization ( Figure 7B ). This sion of GFP-hScrib PL and GFP-hScrib PDZ mutants that 
Cerebellar granule cell cultures were stained with anti-␤PIX (A), anti-synaptophysin (B), anti-PSD-95 (B), and anti-hScrib (A and B) antibodies. Arrows show colocalization of hScrib with ␤PIX (A) and synaptophysin (B). Structures where hScrib, synaptophysin, and PSD-95 colocalized are indicated by arrowheads (B).
sion competence, and Cdc42 has been implicated in tion of Rac1 from high KCl-stimulated PC12 cell extracts. This interaction is specific because Cdc42 was promoting the actin structure at the plasma membrane, two steps in exocytosis [25, 26]. Using GST-hScrib PDZ not present in the ␤PIX-GIT1 complex bound to the hScrib PDZ domains ( Figure S1 ). In light of these data, domains, we were able to pull down a substantial frac- we believe that hScrib acts as a membrane anchor for for this exchange factor in the regulation of exocytosis in the presynaptic compartment. Interestingly, a similar ␤PIX, which can then recruit Rac1 to form a functional complex potentially regulating exocytosis. hypothesis was proposed upon observation of NMJ defects in scribble mutants [3] . Together, these data We have characterized major components of the signaling network associated with hScrib and demonsuggest that dpix and scribble might participate in a common pathway devoted to vesicle trafficking at prestrated a major role of the PDZ domains in assembling the hScrib-␤PIX-GIT1 complex. Interestingly, the imporsynaptic sites in flies. Future genetic and biochemical experiments will have to evaluate a potential functional tance of the hScrib PDZ domains was recently highlighted by the characterization of circletail mice harborinteraction among Scribble, PIX, and GIT1 at the NMJ of flies. Drosophila Scribble plays a key function during ing an hScrib gene point mutation that leads to a premature termination of the protein after the second epithelial polarization. Conservation of this LAP protein throughout evolution suggests a similar function in ver-PDZ domain [13] . These mice exhibit a profound neuraltube defect (craniorachischisis) and die soon after birth.
tebrates [28] . 
